Background: The etiology of renal disease varies in different parts of the world. In the Middle East, half of all patients reaching end-stage are categorised as either unknown etiology or hypertension-related nephropathy. Objectives: To report a renal biopsy series, in a reproducible format and manner, so that data can be compared directly among other series. Patients and Methods: Biopsies of native kidneys were performed in a 10-year period, at a tertiary referral hospital that provides the entire nephrology service for north Cyprus. Data are reported from 153 patients older than 17 years, who were either Turkish-Cypriot or from the Turkish mainland. Results: Mean biopsy rate was 48 per million population (pmp) per year. Mean age was 45.7 years (range 18-78). Overall, the sex distribution was similar (male 51%). The most common histopathological categories were primary glomerulonephritis (GN) (56%), secondary GN (27%), and tubulo-interstitial disease (14%). Of those with primary GN, 29% had secondary (2o) focal and segmental glomerulosclerosis (FSGS) (29%), followed by IgA nephropathy (24 %), membranous 18% and a further 11 patients with 1o FSGS (12%). The incidence of IgA nephropathy was 6.3 per pmp/year. When expressed as a percentage of the annual biopsy rate, 14% of all biopsies showed IgA nephropathy. Conclusions: To compare data among centres, they must be expressed in terms of the population (incidence pmp/year) and the biopsy rate. In our population, secondary FSGS is common and uncharacterised and we believe many will be caused by monogenic disease.
Background
Renal biopsies are important for making a diagnosis but also for guiding treatment and prognosis. The current classification of glomerular and tubular disease was established by a committee under the auspices of the World Health Organization (WHO) in 1982. Diagnostic groups were defined, based on biopsy material principally from West Europe, USA and Japan which had been examined by light microscopy, immunofluorescence (IF), and electron microscopy (EM) (1) . Since then it is generally assumed that there is little more to know but is this true? Can we still learn more about diagnosis from biopsies? It is common for renal centres to compare their biopsy series with others and speculate on regional, geographical and ethnic differences but, because there is no standardisation of presentation, like is often not compared with like. For example, some series include children, some transplant biopsies, some just glomerular disease. Criteria for biopsy vary, some centres do not biopsy diabetics, some do not biopsy those without proteinuria, some biopsy everyone with persistent microscopic haematuria. Furthermore, without definition the following commonly used terms are either meaningless or at best ambiguous; diabetic kidney disease, focal and segmental glomerulosclerosis (FSGS), nephrotic syndrome (NS), hypertension/ hypertensive nephropathy. In the Middle East there is still much to learn; at least 50% of patients with end-stage kidney disease have no clear diagnosis (2) , and in the past decade several new diseases have been described (3-6).
Objectives
To report a renal biopsy series, in a reproducible format and manner, so that data can be compared directly among other series. By reviewing our own small series, we will highlight the issues that must be addressed and areas for further research.
Patients and Methods

Study population
This is a retrospective study of renal biopsies performed, in the period January 2006 through 2015, at a tertiary referral hospital that provides the nephrology service for the entire population of north Cyprus in a single centre. All research involving human participants was performed with written informed consent and was approved by the ethics committee of Lefkosa Burhan Nalbantoğlu State Hospital. Biopsies of native kidneys were performed on 153 adult patients older than 17 years, who were either Turkish-Cypriot or from the Turkish mainland. The community, over this period, represents a population of approximately 320 000 people aged 17 years or older (7) . Biopsies from other patients, and all transplant biopsies, were excluded. Demographic characteristics, clinical presentation, indications for renal biopsy, pathological diagnosis of all the patients biopsied were recorded, together with presence of hypertension and/or antihypertensive treatment, serum creatinine and albumin, proteinuria (g/d), and urinary sediment. We also noted the main renal syndrome. Renal biopsy specimens were evaluated by light microscopy, and direct immuno-fluorescence (IgG, IgA, IgM, C3, C1q, fibrinogen, and light-chain antibodies) in 91% of cases. Electron microscopic evaluation was done in 28 biopsies (18%). Clinical and histopathological classifications are summarised from similar studies (see Tables 1-2 ) (8-12).
Definition of clinical terms
Nephrotic syndrome (NS) describes patients with heavy proteinuria, greater than 3 g/d (300 mg/mmol creatinine or 3000 mg/g), and with hypoproteinaemia defined as a serum albumin below the normal range. FSGS. To the best of our knowledge, none of those biopsied had evidence of asymmetric kidneys (by renal ultrasound or DMSA scan) that was consistent with a diagnosis of either reflux nephropathy or reno-vascular disease. Diabetic nephropathy: renal biopsy shows principally the typical features of diabetic glomerular pathology.
Definition of renal phenotypes
Clinical indications for renal biopsies were classified as:
• Glomerular phenotype • Tubular phenotype (4) Chronic tubular kidney disease: persistent eGFR <60 mL/min with minimal or no proteinuria (<1 g/d). (5) Acute kidney injury (AKI): rapid deterioration of GFR, including worsening of CKD; with bland urinary sediment.
Histopathological classification
According to biopsy results, renal diseases were categorised pathologically into five broad groups as: A) Primary glomerulonephritides (GN), B) Secondary GN, C) Tubulointerstitial disease (TID), D) Vascular nephropathies (VN) and E) Others (end-stage kidney disease, inadequate size). The subdivisions of these groups are shown in Table 1 .
Ethical issues
The research followed the tenets of the Declaration of Helsinki. The research was approved by ethical committee of Lefkosa Burhan Nalbantoğlu State
Hospital (State Hospital, Nicosia, North Cyprus).
Statistical analysis
Data were stored on a standard Excel database. The annual incidence was defined as the number of new cases per year related to the mean total population, expressed as per million population (pmp) per year.
Results
We reviewed 153 biopsies. The annual biopsy rate, averaged over the 10-year period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , was 48 per million population (pmp) per year (see Table 2 ). The mean age of the population studied was 45.7 years old (range 18-78). Eleven percent were aged 65 years or older. Overall the sex distribution was similar (male 51%), but when those with SLE were excluded, 60% were male. 12% of those biopsied had a known family history of renal disease. The most common clinical indication for renal biopsy was AUA (44%), followed by NS (31%), acute nephritic syndrome (10%), chronic tubular kidney disease (6%), and AKI (7%) ( Table 3) . The most common histopathological category was primary GN (56%), followed by secondary GN (27%), and TID (14%) ( Table 2) . The most common primary GN was 2 o FSGS (29%), followed by IgAN (24 %), membranous 18% and a further 11 patients with 1 o FSGS (12%). Thus all patients with FSGS represented 41% of primary GN (see Table 2 ). Lupus nephritis (LN) accounted for 51% of all those with secondary GN, and next was diabetic nephropathy (DN) with 17% (see Table 2 ). In all, there were 20 patients with diabetes, who were biopsied to see if they had an alternative diagnosis to DN. Eleven had the NS of whom seven had just DN, and four FSGS or minimal change. Six other diabetics presented with AUA of which we found secondary FSGS (5), IgA nephropathy (1). The final three had acute interstitial nephritis (2), and acute tubular necrosis plus DN (1). Thus only 8 of 20 (40%) had DN, and in the rest a non-diabetic pathology was the principal finding. TID was diagnosed in 14% of all diagnosis (Table  1) . Only one patient was classified as vascular nephropathy. We also calculated the annual incidence of the different conditions (see Table 2 ). IgA nephropathy was 6.3 cases per million population per year (pmp/year). When expressed as a percentage of the annual biopsy rate, 14% of all biopsies showed IgA nephropathy.
Discussion
Most published renal biopsy series are difficult to compare as they lack standardisation of presentation.
Demography
Incidence of renal diagnosis should be expressed in terms of the population and the number of biopsies performed (16) . Our annual biopsy rate was 48 pmp/ year, which compares with a range of 11-260 pmp/ year reported in other series ( Table 2 ). The local biopsy incidence and, therefore, epidemiology of renal disease will depend to a large extent on the local biopsy criteria and enthusiasm. For example, whether or not those with microscopic haematuria, diabetes, tubular disease, 'hypertensive nephropathy' are biopsied. Countries such as Australia and France reporting high IgA incidence have high biopsy rates. If the incidence of IgA nephropathy is expressed as a percentage of the biopsy rate, we found overall a median of 16% of all biopsies, which was similar to our study with 13% of the biopsies showing IgAN ( Table 2 ). The mean age of our patients was 45.7 years but this is difficult to compare with others as some series include children and others have different age ranges (see Table 2 ).
Definitions: clinical renal syndromes
Before one can compare data, the terminology must be defined. When comparing series, the more specific the renal syndrome, the more useful the information obtained. For example, NS is unambiguous, if properly defined, whereas AUA and nephritic syndrome are always likely to overlap. In our series the nephritic group is probably under-represented and the AUA conversely increased, by a lack of clinical information to make always the distinction. To increase specificity, we suggest that in the future AUA could be subdivided into those with persistent microscopic haematuria (hematuric nephropathy) and those without. We have used chronic tubular kidney disease without significant proteinuria to define a clinical group with a tubular phenotype.
Comparing data
When we compare data, we should first express the incident rate or prevalence in terms of the population under study as cases per million (10 6 ) population per year (16) . Our results are expressed in this manner in Table 2 , and one can then directly compare the incidence of, say, IgA nephropathy with other series using similar methods. A second way to compare data, is to use the clinical syndrome as the comparator or denominator and our data are shown in this way in Table 3 . Using NS as an example, we can compare the frequency of primary and secondary forms of GN that cause NS. We found only three series that gave appropriate data to compare with ours. In Romania (12) , Spain (9) and Serbia (10) primary GN causing NS was membranous (24%-39%), FSGS (13%-23%) and MPGN (14%-32%). Our results fall into these ranges. Since NS is perhaps the one clinical syndrome that everyone would biopsy, we can use it as a comparator to see what percentage of the biopsies are performed for this reason. Not surprisingly this ranges from 54% of all biopsies in the series with low biopsy rates (10) to 10% in series performing over 100 pmp/year (16) . In our series it was 31% of biopsies.
Histopathological diagnosis
Some histological diagnoses are so specific that the pathological term can be used as a clinical diagnosis, such as IgA nephropathy, minimal change, and membranous nephropathy. Whereas FSGS without NS, and mesangioproliferative GN (MesGN), have no meaning until the histological findings are matched with the clinical findings, immune staining, and EM findings and then specific diagnoses can emerge, such as Alport's syndrome, C3 glomerulonephritis, thin basement membrane disease. A number of renal diagnosis can only be made with EM (such as thin basement membrane nephropathy). In our analysis we separated those with histological diagnosis of FSGS into primary FSGS with NS, and secondary FSGS with variable proteinuria and normal serum albumin. This is important as the causes, treatment, natural history of the two groups are quite different.
Our series
In our own clinical practice, we commonly observe two renal syndromes, or clinical phenotypes, that are unusual compared with Western Europe. Firstly, there are patients with persistent but variable microscopic haematuria, variable renal insufficiency, often renal cysts, and late onset proteinuria with normal albumin/ creatinine ratio until eGFR is <60 mL/min. There is commonly a family history in such patients suggesting autosomal dominant inheritance. Similar families, with COL4A3/4 mutations, have been described in the Greek Cypriot population (3, 21) . The term hematuric nephropathy is often used to describe this group. In our population EM was rarely performed but in our series 23 patients with secondary FSGS and negative immune-staining, 61% of them had a haematuric nephropathy phenotype suggestive of a COL4A-like mutation. None had renal asymmetry to suggest renal scarring. So far in our population we have found two of the three COL4A3/4 mutations originally reported in Greek Cypriots (3, 22) , plus one novel mutation. In addition, we have discovered a family with a mutation of COL4A1 causing a non-syndromic haematuric nephropathy (6) . Patients with COL4A3/4 mutations are characterised by progressive FSGS, negative immune-staining and thin glomerular basement membrane (GBM) (21) . We are investigating this population for further monogenic causes. Secondly, we see many patients with a tubular phenotype who have little or no proteinuria (<1 g/d), variable chronic renal failure, sometimes renal cysts, but without hyperuricemia and gout. Families investigated with these tubular findings, including one of our own, have a linkage to the MCKD1 locus on chromosome 1q21 (4), and they have been subsequently identified as having a MUC1 mutation (23) . Vascular pathology consistent with long standing hypertension is often conspicuous in this condition even though hypertension is variable and easily controlled. TID accounts for a median of 4% (1%-6.7%) in the series reported in Table 2 . Our rate of 14% with an incidence of 6.6 pmp/year was higher. Acute injury was seen in 43% and 57% had chronic disease (Table  3) , the latter possibly reflecting the commonness of patients with a clinical phenotype suggesting MCKD1.
Conclusions
For data to be compared between centres it must be expressed in terms of the population (incidence pmp/year) and the biopsy rate. In our population, secondary FSGS is common and currently many of this group are uncharacterised and will be caused by monogenic disease many of whom are expected to have mutations affecting the basement membrane proteins coded by COL4A genes.
Limitations of the study
The main limitation of this study is the relatively small sample size. EM was available in only 18% of cases. Genetic investigation of those with secondary FSGS will be undertaken but results are not currently available.
